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CONVERSION FACTORS

For the convenience of readers who prefer the metric (International)
System) units rather than the inch-pound unit used in this report, the
following conversion factors may be used:

Multiply Inch-Pound Unit By To Obtain Metric Unit
Length
inch (in.) 25.40 millimeter (mm)
foot (ft) 0.3048 me ter (m)
mile (mi) 1. 609 kilometer (km)
Area
square mile (mi?) 2.590 square kilometer (km2)
acre 0.405 hectare (ha)
Flow
gallon per minute (gal/min) 0.06309 liter per second (L/s)
million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)
cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
inch per year (in/yr) 25.40 millimeter per year (mm/yr)
Transmissivity
foot squared per day (ft2/d) 0.0929 meter squared per day (m?/d)

Hydraulic conductivity

foot per day (ft/d) 0.3048 me ter per day (m/d)
foot per mile (ft/mi) 0.189 me ter per kilometer (m/km)

Temperature

degrees Fahrenheit (°F) °C = 5/9 (°F-32) degrees Celsius (°C)

viii



SIMULATION OF GROUND-WATER FLOW AND INFILTRATION FROM
THE SUSQUEHANNA RIVER TO A SHALLOW AQUIFER AT
KIRKWOOD AND CONKLIN, BROOME COUNTY, NEW YORK

By Richard M. Yager

Abstract

A four-layer finite-difference model was developed to simulate
ground-water flow and induced infiltration to an aquifer underlying
the Susquehanna River in the Towns of Kirkwood and Conklin in Broome
County. The aquifer consists of sand and gravel deposited in an
ancestral river valley during the recession of glacial ice and is in
hydraulic connection with the Susquehanna River. The aquifer in 1984

supplied 1.2 million gallons a day to well fields in Kirkwood and
Conklin.

Horizontal hydraulic conductivity of the sand and gravel in the
calibrated model ranges from 50 to 10,000 feet per day. Vertical
hydraulic conductivity ranges from 1.0 to 80 feet per day. The
r iverbed thickness was estimated from results of piezometer tests to
be 2 feet; the hydraulic conductivity of the riverbed was estimated
to be 0.2 feet per day. Root-mean-square differences between com-
puted drawdowns and drawdowns measured in observation wells and
pilezometers during aquifer tests at the Kirkwood well field ranged
from 17 to 24 percent.

The sizes of the well-field catchment areas were estimated from
a model-generated flow net showing the direction and rate of ground-
water flow. The Kirkwood catchment area was estimated to be 250
acres, and the Conklin catchment area was 51 acres.

Ground-water budgets computed by steady-state simulations showed
that 58 percent of the ground water withdrawn by the Kirkwood well
field is derived from the Susquehanna River during periods of low
river stage and low recharge. The factor to which induced-
infiltration rate and size of well-field catchment areas are most
sensitive is riverbed hydraulic conductivity.

INTRODUCTION

A sand and gravel aquifer system within the Susquehanna River valley in
New York State supplies water to more than half the population of Broome
County (fig. 1). Ground-water withdrawals from the aquifer in 1980 totaled
16.3 Mgal/d. The aquifer area occupies 21 mi2 beneath the Susquehanna and
Chenango River valleys, which intersect at Binghamton (fig. 1). The aquifer
consists largely of unconsolidated deposits of sand and gravel left by melt-
water streams draining glacial ice; the most productive deposits are discon-
t inuous and at some sites are considered as separate aquifers (Waller and
Finch, 1982, p. 48). The aquifer is in hydraulic connection with the
Susquehanna and Chenango River.
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Since 1980, three of the five major municipal water systems that tap this
aquifer system have shut down production wells because of ground-water contam—
ination by solvents from industrial discharges. Two of these contaminated
wells are in Vestal, at the west end of the aquifer, the other is in Conklin,
at the east end of the aquifer (fig. 1). In addition, a well in Endicott,
across the river from Vestal, requires operation of an additional well to pre—
vent a plume of vinyl chloride in the aquifer from contaminating the public
ground-water supply. These incidents of contamination have heightened public
concern over the chemical quality of ground water in the aquifer and have
drawn attention to the need for a management plan to protect this resource.
Such a plan would require that local ground-water recharge areas be defined
and amounts of recharge from different sources quantified.

Previous studies have shown that one important source of recharge to the
aquifer is infiltration from the Susquehanna River (Randall, 1970, 1977).
River water was also a probable source of bacterial contamination in a munici-
pal well in Endicott (Randall, 1970); however, and bottom sediments of the
river in several locations in Broome County have been found to contain heavy
metals and chlorinated hydrocarbons (McDuffie and others, 1980). These
findings indicate that infiltration from the river into the aquifer must be
quantified and accounted for in ground-water-protection plans for this area.

In 1983, the U.S. Geological Survey, in cooperation with the Town of
Kirkwood, began a study of the aquifer system that supplies water to well
fields in the Towns of Kirkwood and Conklin (fig. 1). Objectives of the study
were to (1) quantify the hydraulic properties that determine the rate of river
infiltration to the aquifer, (2) identify the sources of recharge to the
aquifer, and (3) delineate the well-field catchment areas. This information
is needed for development of a plan to protect the aquifer against further
contamination from surface sources as well as from the Susquehanna River.

Purpose and Scope

This report describes a computer simulation analysis of ground-water flow
and river infiltration within the glacial sand and gravel aquifer in the
Kirkwood-Conklin area. It includes (1) generalized geologic sections and maps
showing the composition of the unconsolidated deposits in the area and the
saturated thickness of the aquifer; (2) a discussion of the hydrology of the
river and aquifer system that identifies sources of recharge to the aquifer
and evidence of the hydraulic connection between the river and aquifer; (3) a
description of the procedures to simulate the river and aquifer system,
including a summary of results obtained from simulations of drawdowns observed
during an aquifer testl, and (4) maps and diagrams showing well-field catch-
ment areas and sources of recharge to production wells operating within the
modeled area. An appendix discusses methods used to estimate the hydraulic
conductivity of the aquifer material from aquifer—test and piezometer—test
data.

1A related investigation of stream and aquifer interaction, supported by the
U.S. Geological Survey's Regional Aquifer System Analysis (RASA) study
(Lyford and others, 1984), provided significant data on this relationship.




Method of Investigation

This study was conducted from June 1983 through October 1984 and included
the activities described below. Previous reports by Randall (1972, 1985) and
Coates (1973) provided additional hydrogeologic data.

Wells and Borings

Split-spoon samples were collected with a hollow—stem auger during
installation of 19 observation wells (GS1 through GS19, pl. 1) to identify the
lithologic character of the subsurface materials. Geologic logs from 10
observation wells (VOl through VO5 and MWl through MW5m, see pl. 1) and 28
test borings that had been installed in the area by previous investigators
were available. The test borings are identified on the maps herein by the
latitude and longitude of the boring location.

Ground-Water Temperature and Levels

Ground-water temperatures were monitored monthly from July 1983 through
February 1984 in observation wells near the Susquehanna River to establish the
extent of river-water infiltration. Temperature was measured to within 0,1°C
at 2-ft intervals to the bottom of each well. Ground-water levels were
measured monthly in 42 observation wells (pl. 1) to delineate the patterns of
ground-water flow and to document the water—table's response to seasonal fluc-
tuations in river stage and to aquifer tests., At five locations, pairs of
observation wells were screened at two depths to measure vertical gradients in
the aquifer., Five additional observation wells were installed in the
Susquehanna River by drive points with 6-inch screens,

Aquifer Tests

Two aquifer tests were conducted in the Kirkwood well field in February
and October 1984, and piezometer tests were conducted in several observation
wells to estimate the hydraulic characteristics of aquifer and riverbed
material, Data were also obtained from an aquifer test conducted in the
Conklin well field in October 1983 by other investigators.

Simulation Model

A simulation model was developed from the field data to compute the
direction and rate of ground-water movement within the aquifer and the volume
of water recharging the aquifer from the major sources, including the
Susquehanna River,

Acknowledgments

This investigation was done in cooperation with the Town of Kirkwood,
which assisted in the installation of observation wells and in the aquifer
tests., Additional support was provided by the U.S. Geological Survey's
Regional Aquifer System Analysis (RASA) study (Lyford and others, 1984), which
provided suggestions in data collection and model simulations during the
investigation. Donald Coates, professor of geology at State University of New
York at Binghamton, helped interpret the geology of the area.



DESCRIPTION OF STUDY AREA

The Kirkwood-Conklin area (fig. 2) is in the Appalachian Plateaus
province in south-central New York State, a glaciated plateau of moderate
relief. Altitudes range from 1,600 ft above sea level on hilltops along the
river to 840 £t on the valley floor. The area studied occupies approximately
1 mi? of the valley floor just east of the City of Binghamton near the conflu-
ence of Park Creek and the Susquehanna River.

Giaclal History

The Susquehanna River valley was carved into the Appalachian Plateau by a
preglacial river and was deepened and widened through erosion by glacial ice.
As the glacier advanced southward, it carried with it material from the north.
During the glacial recession, both the ice and meltwater streams flowing from
the ice margin deposited unconsolidated material on the land surface; this
material partly filled the deep valley to form valley-fill deposits and thinly
covered the adjacent upland areas. Well-sorted materials deposited by water
are generally less compact than the poorly sorted materials deposited by the
ice. These latter deposits, referred to as till, are found beneath the other
unconsolidated deposits and are typically the only deposits covering the bed-
rock in steep upland areas. The distribution of unconsolidated deposits in
this area is uneven because the rates of glacial ice movement and sediment
deposition differed from place to place and changed through time.

During the waning stages of glaciation, the receding ice tongue in the
Susquehanna valley was bounded on the south by a series of lakes that had
formed behind successive sediment dams deposited by earlier meltwater. Melt-
water streams emanating from the ice dropped coarse sand and gravel along the
stream channels and, where they entered these lakes, they formed channel bars
and wide deltas. The finer sand, silt, and clay carried by these streams did
not settle immediately but were carried farther from shore, where they settled
to the lake bottom to form silt and clay deposits. Ice—contact deposits,
sand, and gravel deposited near the ice front range from very well sorted to
poorly sorted and may contain lenses of silty sand and gravel or till.

Outwash deposits (sand and gravel carried further from the ice front by melt-
water streams) generally consist of homogeneous, well-sorted material. Today,
the coarse sand and gravel deposits constitute the principal aquifer in the
Conklin—Kirkwood area and are generally in good hydraulic contact with the
Susquehanna River.

The extent and thickness of coarse deposits in a given area depends on
the rate of the glacial retreat. Where the ice margin stagnated, coarse sand
and gravel spread across the valley to form thick deposits of outwash. Where
the ice margin melted more rapidly, the outwash deposits formed only along the
valley walls, where they now remain as terraces above the modern flood plain.
In these areas, only a thin layer of coarse sediment was deposited upon the
valley floor.
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Geologic Setting
Valley-Fill Deposits

The valley-fill deposits in the Kirkwood-Conklin area range from 100 to
130 ft thick. Generalized geologic sections (fig. 3) developed from logs of
wells and test borings illustrate the distribution of the valley-fill
deposits; the locations of geologic sections, wells, and test borings are
shown in plate 1.
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Figure 3.--Generalized geologic sections of valley-fill deposits
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The valley—fill deposits vary in composition and correspond to two
general types of depositional patteruns, as described by MacNi sh and Randall
(1982, p. 16-21). The study area lies where the valley orientation shifts
from northwest-southeast to north-south for 1/2 mile; thus, it was probably a
transition zone between two patterns of proglacial deposition (fig. 2). The
relatively thick layer of sand and gravel in the northern part of the area is
typical of valleys in which the ice margin stagnated and is probably a mixture
of ice-contact and outwash materials. The relatively thin deposits of sand
and gravel beneath the valley floor and terraces along the valley walls in the
southern part of the area is typical of a rapid retreat of the ice margin, and
these deposits are probably outwash.
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Flood-plain deposits.—-Flood-plain deposits of silt and fine sand 8 to
15 ft thick cover most of the valley floor. A soils survey of Broome County
indicates the hydraulic conductivity of these deposits to range between 1.3
and 13 ft/d (Giddings and others, 1971, p. 37). However, most of these
deposits are above the river and are therefore largely unsaturated and do not
serve as conduits for ground water. Only during periods of high river stage
do these deposits become saturated.

Sand and gravel.—-The layer of sand and gravel beneath the flood-plain
deposits ranges in thickness from 10 to 70 ft. Results of analyses of
aquifer-test data from the Conklin and Kirkwood well fields (described in the
appendix) indicate the hydraulic conductivity of the sand and gravel to range
from 300 to 4,900 ft/d within the study area. The higher value was computed
from data recorded at the Kirkwood well field, where the sand and gravel
deposit is 40 to 50 ft thick and provides l.4 Mgal/d to production wells. The
hydraulic conductivity is probably lower near the Conklin well field, where
the deposit is 10 to 20 ft thick and provides 0.3 Mgal/d to the production
well. These hydraul ic-conductivity values are within the range of values
reported by Lyford and others (1984) for outwash materials. Sand and gravel
layers beneath the terraces along the valley wall, although less extensive
than the ice-contact and outwash deposits, provide sufficient quantities of
ground water for domestic use (2 to 5 gal/min).

Lacustrine deposits.—-Beneath the outwash sand and gravel are lacustrine
deposits of sand and silt that range from 20 to 100 ft thick. Slug and bail
tests (described in the appendix) indicate the hydraulic conductivity of the
sand and silt to range between 0.2 and 1.8 ft/d. These deposits are 2 to 3
orders of magnitude less permeable than the sand and gravel and do not yield
sufficient quantities of ground water for domestic use.

Till.--The outwash and lacustrine deposits in most places are underlain
by till, a mixture of silt, sand, and gravel. Till also thinly covers the top
of the bedrock hills that form the valley wall and may reach a thickness of
100 ft in small mounds on the valley floor. These till mounds border both
sides of the valley in the southern part of the study area; elsewhere they lie
near the center of the valley but are buried beneath lacustrine and outwash
deposits. (See section A-A', fig. 3.)

Hydraulic conductivity of till generally ranges from 104 o 1073 ft/d
(Freeze and Cherry, 1979, p. 29). Where exposed at land surface, till may
yield small quantities of water to shallow wells through fractures in the till
matrix, but at depth, although saturated, it does not transmit sufficient
quantities of water for domestic use.

Bedrock

The upper 400 ft of bedrock underlying the Kirkwood-Conklin area is
predominantly shale. The bedrock has been uplifted and dips to the south with
a gradient of about 40 ft/mi. Fractures and bedding planes form a small part
of the rock volume and provide the only significant void spaces in which water
can be stored and transmitted. Bedrock wells generally supply quantities of
water that are sufficient for individual households.

10



Landfiil and Gravel Excavation

Excavation of sand and gravel has altered the land surface and drainage
channels to the Susquehanna River near the Kirkwood well field (fig. 4).
Section C—C' (fig. 3) indicates the former location of the sand and gravel
terrace on the east side of the river valley. The previous extent of this
terrace is indicated in figure 5 along with the present land use. Ten to
15 ft of sand and gravel have been removed from the terrace by excavation
since the 1950's. The excavations exposed till to the north of the access
road to the Kirkwood well field and medium to fine sand to the south.

Excavated areas of the terrace have been filled with various materials,
mainly backfill and construction debris. Excavations in the southern part of
the terrace were recently terminated, and the excavated area was backfilled
with 5 ft of till to restrict infiltration of surface runoff. Backfill was
also used to build the access road to the Kirkwood well field and to build
part of the foundation for a plastic—pipe factory (fig. 4). A landfill is
still operating in the northern part of the terrace (fig. 4).

Fill materials used in the excavated areas generally have a lower
hydraulic conductivity than the sand and gravel they replace and thus limit
ground-water flow through the area formerly occupied by the terrace. The
material used to backfill the excavation in the southern part of the former
terrace has the lowest hydraulic conductivity, about 0.03 ft/d as estimated
from compaction of the material. Backfill used in construction of the access
road and the factory foundation probably has low to intermediate permeability
(0.1 to 10 ft/d). The landfill materials in the northern part of the exca-
vated area consist mostly of wood, metal, plastic, concrete, and other debris
obtained through building demolition. These materials are the most permeable
of any fill in the area and may approach the permeability of the original sand
and gravel deposits.

Runoff and ground water from the excavated parts of the terrace flow into
drainage ditches. A natural channel that carried runoff from upland areas
east of U.S. Route 11 has been rerouted to the drainage system along the south
edge of the landfill. Discharge measurements indicated that about 90 percent
of the discharge of the drainage system (0.10 to 0.15 ft3/s) during dry
weather is derived from floor drains in the plastic—pipe factory; the
remainder is ground-water seepage from tile drains beneath the factory and
ground water from along the south border of the landfill.

HYDROLOGY
Ground Water

Although ground water can be obtained in all parts of the Kirkwood-
Conklin area, only the sand and gravel deposit that constitutes the principal
aquifer provides sufficient quantities (at least 200 gal/min) for municipal
water supplies. The hydraulic conductivity of the sand and gravel is much
higher than that of adjacent materials.

11
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Saturated Thickness

The availability of ground water in the sand and gravel aquifer is
related to the saturated thickness of the aquifer. The area of maximum
saturated thickness (30 to 50 ft) forms an elliptical pattern that extends
from the Kirkwood well field westward to just south of the Conklin well field
(fig. 5). The saturated thickness decreases to less than 10 ft just northeast
and southeast of the zone of maximum thickness in areas where till deposits
lie near the land surface, and also along the valley walls (fig. 5).

No subsurface information is available between Route 7 and the
Susquehanna River south of the Kirkwood well field nor near the confluence of
Park Creek with the Susquehanna River to the north. The aquifer thickness in
these areas is estimated to be 10 to 30 ft.

Flow Patterns

Ground water in the sand and gravel aquifer generally flows from recharge
areas along the valley walls toward the Susquehanna River. Approximate direc-
tions of ground—-water flow through the aquifer, based on ground-water alti-
tudes and river stage measured in April 1984 and October 1984, are shown in
figure 6 for periods when recharge and river discharge were near a seasonal
maximum and minimum, respectively.

Pumping has altered the natural flow pattern in the vicinity of the
Kirkwood and Conklin well fields such that ground water that previously
discharged to the river is now captured by production wells. The influence of
these pumping centers on the regional ground-water flow patterns is most evi-
dent from the contours of average hydraulic head of October 1984 (fig. 6B).
The cone of depression associated with each pumping center induces infiltra-
tion of river water into the aquifer. The river stages shown in figures 6A
and 6B indicate a vertical hydraulic gradient from the river and to the
aquifer where the cones of depression reach the river. Flow of ground water
to the production wells is discussed in detail in the section on model simul a-
tion of ground-water withdrawals.

Ground water beyond the landfill northeast of the Kirkwood well field
flows westward through the landfill and into the outwash sand and gravel near
the Susquehanna River. The primary source of the flow is ground water in the
terrace deposit east of Route 11. The thickness of saturated material in the
landfill is about 5 ft.

Recharge and Discharge

The primary source of recharge to the sand and gravel aquifer is precipi-
tation in the valley and uplands. Recharge to the aquifer includes (1) pre-
cipitation infiltrating the flood-plain alluvium, (2) runoff from upland areas
infiltrating from tributary streams and along valley wells, (3) underflow from
the part of the aquifer that lies upstream, beyond the boundary of the study
area, (4) upward leakage from underlying deposits, and (5) infiltration from
the Susquehanna River near pumping production wells. Ground water discharges

13
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from the aquifer to (1) production wells in Kirkwood and Conklin, (2) the
northern (downvalley) part of the aquifer beyond the boundary of the study
area, (3) the Susquehanna River, (4) tributary streams, and (5) the atmosphere
through evapotranspiration. Losses into tributary streams and through evapo—
transpiration are assumed to be only a minor percentage of the total ground-
water discharge because the water table is generally 8 to 12 ft below land
surface, which is deeper than most stream channels and the rooting depth of
most vegetation.

The annual volumes of ground-water recharge and discharge estimated from
information obtained in previous studies and calculated directly from field
measurements are summarized in table 1 for a section of the aquifer within the
1-mi2 study area shown in figure 6. Recharge from precipitation on the flood
plain was estimated to be 1.0 Mgal/d; this was based on a recharge rate of
22 in/yr reported by Randall (1977, p. 17).

Infiltration from tributary streams that drain upland areas was estimated
by a method presented in MacNish and Randall (1982, p. 37). The method esti-
mates the potential recharge rate from tributary streams by multiplying the
length of channel crossing the aquifer with a gradient of less than 1l percent by
650 (gal/d)/ft. This potential rate is compared with the long-term flow dura
tion of the stream taken from a plot of average flow duration for upland basins
within the Susquehanna River basin, expressed per unit area (MacNish and
Randall, 1982, fig. 15). Where streamflow is estimated to fall below the poten
tial recharge rate, the estimate of average recharge is reduced to allow for
periods of deficient flow. About 90 percent of the estimated l.1 Mgal/d of
infiltration from tributary streams is from the Park Creek valley (fig. 2).
Infiltration along valley walls in areas not drained by streams was assumed to
be equal to the 90-percent flow duration discharge for upland basins.

Upward leakage through the lacustrine sand and silt deposits that under-
lie the aquifer is extremely small because these deposits have low hydraulic
conductivity. Randall (1985, pl. 3), using a ground-water-flow model,
obtained vertical hydraulic-conductivity values of 1 x 1075 to 5 x 1072 ft/d
for a silty sand layer beneath an aquifer in Johnson City, 7 mi downstream
(fig. 1). Upward leakage in the Kirkwood-Conklin area was estimated from
Darcy's law:

Q = KAi (1)

where: Q is the volume of upward leakage, ft3/d
K is the hydraulic conductivity, ft/d
A is the cross-sectional area of flow, ft?
i is the hydraulic gradient, ft/ft (the difference between head in
observation wells screened in the aquifer and in the underlying
lacustrine deposit).

Using the estimate of vertical hydraulic conductivity reported by Randall
(1985) and an average hydraulic gradient of 1.0 ft/ft yields an upward leakage
value of 0.006 Mgal/d-—negligible relative to the other recharge sources.

Underflow into and out of the study area was estimated by Darcy's law

from saturated-thickness values shown in figure 5, an average hydraulic con-
ductivity of 1,000 £t/d (calculated from aquifer—-test data in the appendix),
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and hydraulic gradients shown in figure 6A. About 4.9 Mgal/d is estimated to
enter the section of the aquifer within the study area across the south
(upstream) boundary under a gradient of 0.010 ft/ft. About 0.8 Mgal/d leaves
across the north (downstream) boundary of the study area.

The net ground-water discharge to the Susquehanna River (5.0 Mgal/d,
table 1) represents the volume of ground water discharged from the aquifer to
the river minus the volume of infiltration from the river to the aquifer. The
estimated net gain in river discharge of about 7 ft3/s within the study area
was too small to calculate directly from discharge measurements; a measurement
error of 5 percent at the lowest river discharge recorded during the study
(200 £ft3/s) would be 10 ft3/s. Consequently, neither the infiltration from
the river to the aquifer nor the discharge from the aquifer to the river could
be measured directly, but both were estimated from model simulations described
fur ther on.

Table 1.--Estimated volumes of growund-water recharge and discharge
in Kirkwod-Conklin aquifer system.

[Volumes are in millions of gallons per day.]

Per- Per-
SOURCES Volume centage DISCHARGES Volume centage
Recharge from precip- Production wells 1.2 17
itation on the flood 1.0 14
plain
Ne t ground-water
Infiltration from discharge to river 5.0 72
upland areas 1.1 16
Underflow out of
Underflow into study area 4.9 70 study area .8 11

Total 7.0 100 7.0 100

Surface Water

The Susquehanna River meanders through the study area in a channel
incised 10 ft into the flood-plain deposits. It drains an area of 2,232 miZ.
Discharge is generally greatest during snowmelt periods in the spring and is
lowest just before the growing season ends in the fall. The mean daily dis-
charge of the Susquehanna River during 1983-84 at a gaging station in Conklin,
4.5 mi upstream from the study area, and the median mean daily discharge
during 1932-80, are plotted in figure 7. Low flows in the fall are typically
near 500 ft3/s, whereas high flows in the spring may exceed 10,000 ft3/s.
High river stages frequently cause flooding of the valley floor near the
river. Peak discharge of a 100-year flood at the Kirkwood-Conklin area is
estimated to be 63,900 ft3/s, whereas peak discharge of a 10-year flood is
estimated to be 46,500 ft3/s (Zembrzuski and Dunn, 1979, p. 48). A 100-year
flood would cause a river stage of 854 ft above sea level in the
Kirkwood-Conklin area. (See altitude contours in fig. 6 to estimate extent of
flooding.)
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Relationship Between Ground Water and Surface Water

Ground water in the Ki rkwood-Conklin area is in hydraul ic connection with
the Susquehanna River. During periods when the river stage declines below the
water—table altitude (fig. 8A), ground water discharges into the river and
thus increases the river flow. When the river stage is above the water table
(fig. 8B) river water infiltrates through the channel bottom and banks into
the aquifer. Where production wells lower the water—table altitude below
river stage (fig. 8C), river water also infiltrates into the aquifer.

Riverbed Hydraulic Conductivity

The riverbed of the Susquehanna River is heavily armmored with cobbles and
boulders. Below the cobble armor is a layer of silt and organic material.
Installing four drive—-point wells in the river indicated that this layer is
about 2 ft thicke The drive-point wells were placed in riffles, where the
current is strongest; pools in the river would tend to collect more sediment
and increase the riverbed thickness. Slug tests performed on these four wells
indicate the horizontal hydraulic conductivity of the layer to range from 1 to
6 ft/d. The hydraulic conductivity of the riverbed probably varies along the
channel according to sedimentation and scour patterns.
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River Stage and Ground-Water Levels

The stage of the Susquehanna River is the primary control on ground-water
levels in the aquifer throughout the study area. Ground~water levels change
with river stage, declining in late sumnmer and early fall and rising in the
fall and winter (fig. 9). The highest ground-water levels were recorded
during peak flows. A 3-day rainfall in December 1983 caused the Susquehanna
River to rise about 14 ft and inundate part of the flood plain, during which
time river water infiltrated into the aquifer and caused ground-water levels
to rise 6 ft. These peak flows represent a significant source of recharge to
the aquifer. The rise and decline of ground-water levels during this period
(fig. 9) indicates that the aquifer system responds within a few days to
changes in river stage.

Ground-Water Temperature

Vertical profiles of ground-water temperatures measured at monthly inter-
vals during the study indicate the effect of infiltrating river water on
ground-water temperatures. In areas not influenced by the river, ground-water
temperatures change gradually throughout the year, and the extremes do not
differ by more than 10°C. The response to seasonal variations in air temper-
ature diminishes with depth, and ground-water temperature fluctuates less than
1°C below 30 or 40 ft. 1Infiltration of river water can cause temperatures to
change much more rapidly because heat gain and loss in ground water is trans-—
mi tted through convection by the infiltrating river water.
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